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CHAPTER Y
PROGRAM QUALITY ASSURANCE

The purpose of this chapter Is to present & summary of the different aspects of quality
assurance (QA) and to show thelr Interrelationship within the overall structure of the
program. This Information Is included to famillarize users with the program's basic
QA principles and their application, and to facilitate a more complete understanding
of the quality of CLP analytical data In terms of potential utllizftion.

A.

Interface with Agency Quality Assurance

The primary role of the CLP Is to support the Agency's Superfund investigation
and cleanup efforts by producing analytical data of known and documented
quality usable for Agency enforcement actions keyed to identification of pollu-
tant sources and recovery of cleanup costs. Therefore, a comprehensive quality
assurance program that raflects Agency QA objectives has been incorperated
into all aspects of CLP cperations. The CLP links three primary aspects of QA:
(1) field QA, which includes field sampling operations and QA project planning;
(2) 1aboratory QA, which Is comprised of analytical method QC and external or
program QA; and (3) post-laboratory QA to review laboratory and method per-
formance and their impact on dats quality.

Field operations Include sampling activities performed by the EPA Regions and
National Remedial Action/Field Investigation Team (REM/FIT) and Technical
Assistance Team (TAT) contractors, which result In samples belng processed
through the CLP for analysis. The CLP NPO coordinates closely with these and
other Agency sampling groups and Agency QA teams, in the development and
application of Quality Assurance Program Plans and site-specific Quality
Assurance Project Plans. These plans Include the consistent use of Agency-
specified analytical procedures, contalners, sampling techniques, sample
preservation, sample tags and chain-of-custody documents, and sdherence to
DOT regulations In sample shipment. The CLP strongly supports the use of
consistent field sampling, and sample packaging and shipment techniques, and
specifies types of sample contalners and required sample volumes for appropriate

93

/
R



i‘arg';t' am;lyses. Through its Sample Bottle Repository system, the CLP provides
Superfund samplers with the precleaned sampling bottles for use in the field.

The CLP is directly involved in all aspects of laboratory QA. Analytical methods
require extensive Agency-specified quality control (QC) procedures and docu-
mentation to ensure a complete data product that will withstand legal scrutiny,
The CLP operates an extensive external QA program, which Includes: pre-award
and post-award laboratory performance evaluation sample analyses and labora-
tory facility evaluations, required submission of [aboratory Standard Operating
Procedures (SOPs) for analytical operations and documentation, continuous
monitoring of lab performance by Headquarters POs and Regional DPOs, and a
multi-level data review process to evaluate the validity of the data product,
individual laboratory performance and methods performance.

The CLP, through a‘varletyroi mechanisms, continuously strives to improve the
quality of program data by maintaining state-of-the.art analytical methods,
refining the structure and requirements of analytical contracts, and strengthen-
ing laboratory operations. CLP QA actlvities are coordinated through the NPO
QA Officer, to ensure that the CLP is operating in accordance with overall
Agency QA mandates.

The application of field QA Is addressed in Chapters U and III, where sample
volume, container, preservation, packaging, shipment and documentation requir-
ements are discussed. Analysis or method QC Is addressed for each analytical
program in Chipter Il, which contains a description of contract analytical
methods and QC requirements for each program. The following sections of this
chapter describe the program's external laboratory QA activities.
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B.  Laboratory Selection Process

1.

2.

Prebid Conference

The CLP prebld conferences are requested and chaired by the National
Programs Office and are arranged by SMO to facilitate the invitation for
bid (IFB) process for all Interested laboratories. During each conference,
the appropriate program officer will explain a particular aspect of the IFB.
Areas of review include: contracting aspects; pre-award information;
statement of work; and the role In the CLP of the Environmental
Monitoring Systems Laboratory, SMO and the National Enforcement
Investigations Center.

Whenever possible, a prebid conference is scheduled for each routine
analytical service IFB series. Prebld conferences are announced and’
logistical information provided in the IFB. In addition, If time allows, the
conference Is advertised In advance in Chemical and Engineering News.
Prebid conferences are generaily held three to four weeks prior to the bid
opening. The conferences are held at various U.S, cities.

Preaward PE Sample Analysis

The {first criterion for laboratory selection Is pre-award performance

evaluation (PE) sample analysis. For some solicitations prior to bid

opening, interested laboratories may request preaward PE samples through
the contracting officer and submit a deposit that is returned upon
completion of sample analyses and submission of the PE sample data
package. For other solicitations, PE samples will be avallable only after
bid opening and only to bidders determined by EPA to be in the competitive
range.

PE samples are prepared by EMSL/LV and are representative of the types
of field samples that the contractor would routinely be analyzing under the
subject procurement. The laboratory Is required to analyze PE samples
according to contract procedures set forth In the IFB, and to report PE
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iample data according to IFB requirements, within a specified time period,
usually 21 days. Bidders' PE sample data are evaluated by NPO and
EMSL/LV personnel, in terms of compliance with contract requirements
and accuracy of determination of compounds at the levels known to be in
the PE samples. Analysis results are rated by a scoresheet developed by
EMSL/LV. The PE sample score is a primary consideration in determining
bidder responsiveness/responsibility for contract award.

Bid Price

The second criterion for laboratory selection Is bid price. Following bid
opening, bid abstracts are reviewed and evaluated by EPA NPO and EPA
Procurement and Contracts Management Division (PCMD) officials. The

" lowest competitive bidders are selected to participate in pre-award bld

confirmation, the process through which bidder responsiveness and
responsibility for award are demonstrated and evaluated.

Preaward Bid Confirmations

Preaward bid confirmations may include: 1) bidder analysis of PE samples
(discussed In 2, above), 2)bidder submission of Standard Operating
Procedures (SOPs), and 3) site evaluation of the bidder's facility performed
by EPA program management and PCMD personnel.

a. Standard Operating Procedures

Bidders are required to submit copies of all laboratory Standard
Operating Procedures (SOPs) at the time of submission of PE sample
data. SOPs are not required to coincide with each specific detail of
the contract requirement, but must be representative of good labora-
tory practices and must demonstrate that the laboratory has a
facifity-wide quality assurance program in place and operating.
Bidder SOPs are reviewed by NPO and EMSL/LV personnel and are
utilized by EPA In performance of the site evaluation.

e ""\;U
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b.

-On-Site Laboratory Evaluation |

EPA NPO, EMSL/LV, and NEIC personnel participate In on-site
evaluations of [laboratory facilitles of bidders which scored
acceptably on the PE sample analyses and are within the EPA
determined competiti\)e range. EPA personnel perform a walk-
through of the facility and perform a thorough on-site evaluation.
The results of the on-site evaluation are considered In the final
determination of bidder responsiveness/responsibility for contract
award.
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Laboratory Start-Up Process

 Laboratories entering the program undergo 8 learning curve process during which

they become fully familiarized and obtain expertise in application of program
methodologies and quality control procedures. To reduce the learning curve
period and bring laboratories "up to speed” In a timely manner, CLP management
employs & series of laboratory start-up procedures which are utilized during the
laboratory's Initla!l contract operations and whenever laboratory problems are
Identified during contract performance. |

L.

2.

b N

Provision of Standards to Laboratory

Immediately following contract award, EMSL/LV arranges for the provision

of Standard Reference materials (SRMs) to the contractor, through the
Agency's contractor-operated QA Materials Bank. These SRMs are utilized
by the laboratory as the official standards to which laboratory supplied
standards must be traceable throughout contract performance.

PO Review of First Data Packages |

Initial data packages are targeted for immediate review and evaluation by
the NPO Project Officer (PO), EMSL/LV and the Region. This review s
intensive and focuses on any problems the laboratory has, either in applying
methodologies or In reporting the data. The PO then supplies feedback to
the labordtory concerning the status of the data and works with the labora-
tory in Identifying and remedying problems.

PO/DPO_Laboratory Visits

Depending on the extent of the problems found during the review of an
initial data package, the PO or DPO may visit the laboratory facility and
work on-site with Jaboratory personhel In rectifying problems. This process
also occurs on an ongoing basis during the life of the contract. On-site
laboratory evaluations are performed yearly by EPA staff, EMSL/LY,
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EIC, and the PO and/or Deputy Project Officer (DPO), as well as on an
as-needed basis to resolve performance problems.

PO/DPO/SMO/Laboratory Communication

Telephone communication is the most widely applied method for problem-

~ solving and maintaining efficlent laboratory operations, both during the

laboratory start-up phase and throughout the performance of the contract.
During the start-up perlod, communication links are established and the
laboratory becomes familiarized with the communication process. In gen-
eral, the laboratory notifies SMO immediately upon Identification of any
problem regarding the samples or any difficulties encountered In analysis.
SMO routinely resolves sample-related problems In coordination with the
Regional client, and refers technical problems to the contract PO or DPO,
who contacts the laboratory and resolves the problem. The resclution and
any specific actions taken are reported to the appropriate SMO personnel,
who records this information as part of the permanent Case record. The
Iaboratory also records the problem and resolution in the narrative portion
of the sample data report, so that the Region considers this information in
association with evaluating and using the data. Regional DPOs assist in the
monitoring of contractor performance and play a major role in ongoing
laboratory problem resolution In coordination with the PO.
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Laboratory Performance Evaluation

2.

3.

Pecformance Evaluation Sample Analysis

Performance Evaluation (PE) samples are prepared by ORD EMSL/LV and
sent to contractor laboratories for analysis, normally on a quarterly basis.
Agqueous organic and Inorganic PE samples are typically shipped as "double
blind" samples (i.e., the PE samples are not discernable from routine field
samples) to ensure that the laboratory processes the samples in a routine
manner. Evaluation of PE sample data Is performed by EMSL/LV and is
used by the NPO in formally evaluating laboratory contract performance.
Additionally, PE sample QC data are entered by EMSL/LV Into the pro-
gram's QA Data Base, and are utllized, along with other laboratory data, in
trend analyses, and evaluation and revision of contract QC criteria.

On-Site Laboratory Evaluation

At least once a year, EPA NPO, NEIC, Regional and EMSL/LV personnel
visit each contract laboratory facility and evaluate laboratory procedures.
The evaluation reports which result from these on-site visits are utilized by
the NPO in ldentitying and remedying laboratory performance pioblems.
Repeat on-site visits are made on an as-needed basis throughout the year,
to resolve laboratory problems. ‘

Corrective Action

Upon Identification of laboratory performance problems, the PO and DPO
work closely with the laboratory to effect correction of the problems.
Depending on the scope of the problems, the laboratory may be placed on
temporlry hold, whereby the laboratory does not recelve additional sam-
ples for analysls until the problem has been corrected.

Should the contractor's non-compliance to contract performance or
deliverable requirements continue, the EPA Contracting Officer s
requested by the NPO to Issue a Show Cause Notice to the contractor.
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~ This document requires the contractor, within a ten-day perlod bl time, to
present the government with any facts bearing on the lssue, to be used in
the government's determination regarding whether the contractor's failure
to perform arose out of causes beyond the laboratory's control and without
fault or negligence on the part of the contractor. The contractor, in
response, must submit substantial evidence to demonstrate that the
contract should not be terminated for default. |

A recovery plan Is generally Included as part of the contractér's response
to the Show Cause Notice. EPA Contracts and NPO officials review the
contractor's response and proposed recovery plan, and determine whether
the contractor has presented sufficient evidence to demonstrate timely
remedy of the noncompliance. Following this review, if the contractor has
presented acceptable evidence toward recovery, the government issues a
Cure Notice to the contractor which delineates the government-accepted
recovery plan that the contractor must follow to avold contract termina-
tion. The government's recovery plan Includes actions and time schedules
for completion of each step of the recovery process, and specifies in over-
all time period acceptable for completion of recovery.

Should the contractor not comply with the recovery schedule, the next and
final step may be contract termination by the government for default. In
addition to terminating the laboratory's contract, this action impacts on
evaluation of the contractor's responsiveness/responsibility for award under
future CLP solicitations.
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E. Samplé Data Evaluation

I.

2.

Intercomparison Check Sample Studies

Intercomparison check sample studies are Initiated by the EPA Regions on
a periodic basis and Involve simultaneous shipment of known samples to
two or more CLP and/or Regional laboratories for analysis. Check samples
are routinely shipped as "single blind" sample (i.e., the laboratory Is aware
samples are check samples but does not know sample composition). Analy-
tical data from study participants are compiled by the Region and used in
comparative data evaluation. The Region provides Intercomparison sample
study results to the NPO and EMSL/LV for use In programmatic applica-
tions. These studies differ from the PE sample program In that check
sample data do not result in contractual evaluation of individua! laboratory
performance. )

Regional Sample Split/Splke Programs

This Regionally directed program involves simultaneous sample analysis by
two or more CLP and/or Reglonal laboratory facilities, and provides the
Region with comparative data utilized in evaluating application of
methods. In the sample split program, the Regions arrange to have field
samples split and sent to different contractor and Reglonal laboratories for
analysis. In the sample spike program, & known sample volume is prepared
and divided into two or more equivalent portions. Each sample portion lIs
then spiked with known levels of contaminants, and sent to different
contractor and/or Reglonal laboratories for analysis. Results of split/spike
sample analyses performed by CLP laboratories are provided to the NPO
and EMSL/LV by the Reglon.
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Ana]yﬂcal Data Review

Upon completion of analysis and data reporting, the laboratory simultaneously
sends a copy of the complete data package to the CLP SMO, EMSL/LV and the
Regional client. Each of these groups performs complementary aspects of data
review, -

EMSL/LV Data Review

On a routine basis, EMSL/LV performs a comprehensive QA audit on a
statistically significant subset of CLP sample data packages using a Mil.
Standard 105D approach. EMSL/LV also provides data audits, data
evaluation and participates in special requests such as enforcement
support, preparation/evaluation of data review SOPs and special projects
(e.g., Dioxin Incineration Study, Love Canal Habitability Study.) Based on
these reviews, EMSL/LV prepares a detailed report on the data packages,
which Is provided to the NPO, DPOs, Regional Data Reviewers, and to
Regional cllents by SMO. This review package Is valuable to both progtam
management and users in evaluating the suitability of the contract methods
to the types of samples analyzed, the quality of the analytical data, and
the performance of the contractor laboratories.

In addition, EMSL/LY maintains the program's QA/QC Data Base. This
data base Includes: ‘

o Spike recoveries

o Blanks

o Duplicates

o Tuning

o Calibration

0 Method of standard additions
o ICP check

o Analytical results for dioxin
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~These data are then statistically evaluated and utilized to determine and
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update contract QC acceptance windows for CLP-generated data and to
characterize laboratory and method performance.

Regional Data Review '

The Regional client reviews all data packages rekulting from Regional sam-
pling efforts. It is the responsibility of the Region, as the data user, to
determine the applicability of each data package to its intended use, e.g.,
site lnvestigation support, cleanup activities and/or en!orcement actions.
In this review, the Region applies the CLP data review Standard Operating
Procedures and references the requirements of the contract Statement of

Work under which the analyses were performed.

Contract Compliance Séreeﬁigg (ccs)

Every RAS'CLP-genera'ted data package is screened by SMO upon receipt
on a fast-turnaround basis (See Chapter IV, Section E). CCS determines if
all contractually required forms are Included, that forms are completed
according to contract specifications, and that QA/QC results meet
contract specifications. CCS results are distributed to the laboratory,
Region and EMSL/LV and are used to determine recommendation for
payment. All CLP data packages are checked for completeness by SMO. If
any missing information, incomplete forms or other problems with the data
package are [dentified, the laboratory Is contacted and Instructed to
submit the missing or Incorrect portions of the data package. Other
compliance discrepancies are addressed by the CCS reconciliation process.

SMO Data Révlew Services

Under direction of the NPO, SMO may perform additional data review,
checking the data for compliance to contract QC procedures and
parameters and for applicability to its intended uses. This review is pro-
vided on a limited basis in résponse to specific Regional requests. Consult
Chapter [V, Section F, for a complete description of the data review
sgrvlées provided and appropriate request procedures.
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G.  Analytical Methodology Improvement/Development

1.

2,

Protocol Standardization and Improvement

Refining and Improving analytical protocols to maintain state-of-the-art
status and to reflect newly defined or changed requirements of the Super-
fund elfort, Is an ongoing activity for all CLP participants. This effort is
accomplished through an established system of information transfer coordi-
nated through the NPO. All program participants submit comments or
recommendations to the NPO on an ongoing basis. The NPO reviews all
submitted Information and considers recommendations for program appli-
cation on a periodic basis. |

Since 1982, input on protocol Improvements has come primarily through the

CLP Technical Caucuses which Involve NPO, EMSL/LV, EMSL/Cincinnati, -

EPA Regions, SMO, laboratories and other program support contractor pers
sonnel. Analytical methods and data reporting formats are reviewed and
discussed In detail at the caucus sessions. EPA personnel then review
caucus discussions and compile concensus recommendations for protocol
changes. Following NPO approval of recommended changes, existing
laboratory contracts are modified by the Contracting Officer to include
recommended revisions, through contract change order actions. Whenever
possible, all laboratory contracts within an analytical program are changed
concurrently to maintain consistency across the program. NPO-approved
protocol revisions are included in any new IFB solicitations.

Method Development

Development of new analytical methods may be Initiated by a newly identi-
fled or redefined Agency analysis requirement, such as dioxin analysis.
Analytical methods utilized in the CLP are based ch EPA developed and
approved methodologies. The NPO, EMSL/LV, EMSL/Cincinnati, EPA
Regions and the contractor community have historically contributed to
development of new program analytical methodologles. Regardless of the
group responsible for method development, methods are reviewed by
several sources and are tested pr!or to Implementation, to the extent
possible to meet program requirements.
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A. Organic Routine Analytical Services (RAS)

1.

Sample Matrices, Concentration Levels and Volumes Required

The organic RAS contract methods apply to analysls of water (aqueous) and

- soil/sediment samples. Samples for analysis should be single-phase, homo-

geneous samples of a similar matrix. Sample matrices other than water,
sediment or soll are processed through the SAS program.

Organlc RAS contract methods determine concentrations of organic com-
pounds ranging from low or environmenta! levels of concentration to
medium levels, where 8 compound may comprise as much as 15 percent of
the total sample, at the lowest appropriate detection limits. Low level
samples are considered to be those collected off-site, around the perimeter
of a waste site, or In areas where hazards are thought to be significantly
reduced by normal environmental! processes. Medium level samples-are
most often those collected on-site, In areas of moderate dilution by normal
environmental processes. Low and medium level designations are made in
the field by the sampler to determine packaging and shipment procedures
only. Low and medium level analysis designations are performed within the
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laboratory to determine the approprlat‘e analytical protocol to be used.

=~ For soil/sediment samples only, there are separate procedures for semi-

volatiles organics analysis depending upon whether the samples are
determined to be low (¢ 20 ppm) or medium (> 20 ppm) concentration.

- The sample volume and contalner types required for RAS organic analysis
vary according to the matrix and estimated concentration level of the
sample. For RAS organic analysis of a water sample estimated as low
level, one gallon sample volume Is required for extractables - base,
neutral, acld (B/N/A) and pesticides/PCB, and 80 ml for volatiles (VOA).
The extractables sample is collected In two 30-ounce amber glass bottles,
four l-liter amber glass bottles, or one d-liter amber glass bottle. The
volatiles sample Is collected in two 40-ml glass vials. For RAS organics
analysis of a water sample estimated as medium level, a four liter volume
Is required for extractables and 80 ml for volatiles. The extractables
sample should be collected In four 32-ounce glass jars, and the volatiles
sample In two 40-m] glass vials. Por RAS organics analysis of a
soil/sediment sample estimated as low or medium level, a six ounce volume
is required for extractables. The sample should be collected in one 8-ounce
glass jar for extractables and two 120-ml glass vials for volatiles.

For a laboratory to perform matrix spike, matrix spike duplicates, and
contractual reanalyses, triple the sample volume s required in at least one
sample in twenty for each sample with the same concentration/matrix.
Additionally, for water samples, one fleld blank should be supplied per
Case, and one volatile trip blank should be supplied per shipment. No
additional volume is required for soll sample duplicate analyses. Soil
blanks are supplied to Regions by EMSL/LV. Use of aqueous blanks for soil
samples is not appropriate.

For shipping purposes, each sample estimated as medium level (water or

soil) must be enclosed and sealed in a metal paint can for shipment.
Because it Is not certain whether a sample s actually low or medium level,
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- .volume should be collected as specified for low level samples, however

shipping procedures must be followed as designated for medium level
samples.

.Sample portions for volatile analysis (water and soll) should be collected so
that the containers are completely filled, leaving no headspace.

I sufficient sample volume Is not provided, completion of all required
parameters and/or complete QA/QC determinations may not be possible.
I this occurs, SMO will contact the RSCC to determine appropriate
adjustments In analysis.

| Required sample volumes and container types for RAS organic analysis of

water and soil samples are illustrated in Appendix C. Pre-cleaned sample
bottles are available through the Sample Bottle Reposltoty. as detalled in.

Chapter [V,

Compounds ldentified and Quantified

The organic RAS program provides identification and quantification of EPA
Target Compound List (TCL) (previously termed the Hazardous Substances
List — HSL) organic compounds (VOA, B/N/A, and pesticide/PCB fractions)
In water and soll/sediment samples. These compounds, which include
priority pollutant cempounds and other organics of interest, are ldentified
on the organic data reporting sheets In Appendix B.

In addition, the laboratory Is required to execute a maximum of 30 NBS
Mass Spectral Library searches for compounds not identified on the TCL
(HSL). The 10 peaks of greatest apparent concentration in the volatile
fraction and the 20 peaks in the base/neutral/acid fraction are tentatively
identified and the concentration estimated, following a visual comparison
of sample spectra with the nearest library matches. The tentative
Identification of non-TCL (HSL) organic compounds provides information
on potential organic contaminants outside of the analytical parameters of
the RAS program.
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-3. .. Contract Deliverable Requirements

The organic RAS program specifies contractually required deliverables by
the laboratory for sample extraction, volatile analysis and data reporting.
These requirements include:

o Completion of sample extraction for water samples within 3 days of
sample receipt and for soil samples within 10 days of sample receipt;

o Completion of volatile analysis for water samples within 7 days of
sample receipt and for soll samples within 10 days ol sample receipt;

o Completion of extractable analysis and reporting of data within 30 or
40 days (as specified by the contract delivery schedule) following
sample receipt.

Laboratories are subject to financial penalties for jate delivery in meeting
these deadlines and incentives for early delivery of the final data package.
lllegible data reports are considered unacceptadle, and the laboratory is
required to resubmit readable versions of any illegible pages.

The organic RAS data package provides a complete set of data for
independent review by the client user. Through review of data package
components, the client can determine the quality of the analytical data.

Each organic RAS data package includes the following components:

o Narrative report, describing analytical problems encountered and
Internal QC processes applied. v

o Coples of sample Traific Reports.

o Quality control summary, containing surrogate, method blank, matrix
spike and matrix spike duplicate analyses recoveries, and instrument
tuning and performance Information.

o Sample data, including tabulated results of the organic TCL (HSL)
compounds Identifled and quantified, and the tentative identification
and estimated concentration of up to 30 non-TCL (HSL) organic
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< * compounds in greatest apparent concentration, reported in ug/l or

mglkg.

o Raw sample analytical data, including sample chromatograms, spectra,
quantitation reports, and calculations.

o Standards data package, Including chromatograms, spectra and data
system printouts amd Initial and continuing calibration reports.

o QC data paékage, dbéumenung 'instrument tuning and analytical QC
criterla.

The organic RAS deliverables index and copies of organic data reporting
sheets are contained In Appendix B.

Analytical Protocols

The standardized organic analytical methods are based on Federa! Register
(FR) Methods €25 (B/N/A), 608 (pesticide), and 624 (VOA) modified for CLP
use In the analysis of both water an: soil samples. Analysis for the organic
HSL compounds includes an optional GC screen (to determine appropriate
dilution fraction or aliquote sizes for GC/MS analysls) and GC/MS analysis.

a. Water Method

Water samples for full organic aﬁa!ysls (base/neutral/acid, volatile and
pesticide/PCB compounds) are first prepared and/or solvent extracted,
‘resulting In three Individual sample fractions: semivolatile (B/N/A);
volatile (VOA); and pesticide/PCB. Extracts are cleaned up when
necessary; using optional column chromatography techniques.

The identification and quantification of the organic TCL (HSL)
compounds In water samples Is performed by GC/MS for B/N/A and
VOA fractions, and by GC/EC for the pesticide/PCB fraction.

In addition, the 20 highest non-TCL (HSL) base/neutral/acid compound
peaks and the 10 highest non-TCL (HSL) volatile peaks are tentatively
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Identified and thelr concentrations estimated, using a forward search of
the NBS Mass Spectral Library.

Soil Method

Soil samples for full organic analysis (base/neutral/acid and pesti-
clde/PCB compounds) are prepared by sonification prior to solvent
extraction. Extracts are cleaned up using optional column chromato-
graphy techniques when necessary.

The Identification and quantification of the organic TCL (HSL)
compounds in soil samples is performed by GC/MS for B/N/A and
YOA fractions, and by GC/EC for the pesticide/PCB fraction.

In addition, the 20 highest non-TCL (HSL) base/neutral/acid peaks
and the 10 highest non-TCL (HSL) volatile peaks are tentatively
ldentified and thelr concentrations estimated, using a forward search
of the NBS Mass Spectral Library.

Contract Required Quantitation Limits (CRQLs)

Low level analysis contract required quantitation limits for water
samples are based on CRQLs for each organic compound using FR
Methods 623, 623, and 603 and are at the part-per-billion (ppd) level.
Approximate achlevable sample quantitation levels for low and
medium level water and soll samples can be calculated based on the
sample size and on concentration/dilution factors. |

CRQLs are provided for analytical guidance, as the limits are highly
matrix dependent. Matrix interferences vary considerably depending

on the nature and homogeneity of the sample, on the interferent

contaminants which coextract from the sample, and on the sample
volume taken for analysis.
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S Contract Quality Control liegulrements

The CLP quality control (QC) program for organic RAS laboratory analysis
Is structured to provide consistent results of known and documented
‘quality. The program, therefore, places stringent quality control require-
ments on all laboratories performing sample analyses. Sample data
packages contain documentation of a series of QC operations that aliow an
experienced chemist to determine the quality of the data and its applica-
bility to each sampling effort. In addition, laboratory contracts contain
provisions for sample re-analysis If and when specified QC criteria are not
met by the contract laboratory. Each CLP laboratory Is also encouraged to
develop additiona! internal QA/QC procedures.

The minimum QC requirements of the organic RAS program consist of both
an nitial and ongolng demonstration of laboratory capability to generate
acceptable performance with the contract methods in the analysis of water
and soil samples. CLP contracts define extensive QC procedures that must
be pektormed and documented, and criteria that must be met. These
include, but are not limited to, the following. ;

Instrument QC procedure:

o GC/MS lnstrumedt tunes (or both volatile and semi-volatile compound
analyses.

o Initial multi-level calibration for each TCL (HSL) compound.
o Contlnuing calibration for each TCL (HSL) compound.

Sample QC procedure:

o Addition of surrogate compounds to each sample and blank for
determining percent recovery information. '

o Duplicate matrix splke ahalysé;.
o Metqu blank analyses.

Certain QC procedures listed above demonstrate that the instrument is
operating within contract specifications. These include:
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o A demonstration that the two tuning compounds (DFTPP for

extractables and BFB for volatiles) meet the defined ion abundance
criteria. '

o Determination of an average response factor (RF) based on a
calibration using several concentrations of each HSL compound that
must meet a defined relative standard deviation (RSD) and minimum

RP.

o A continulng calibration at a single concentration for each HSL
compound for which specified compounds are flagged as controls which
must meet defined percent difference (%D) from the Initial RF, or a
new initlal calibration must be performed.

Other QC procedures are required to demonstrate the quality of the
analytical data generated. These include:

o Addition of surrogate spikes to all samples and blanks to monitor
sample preparation and analysis and to proiride percent recovery
information for each sample, so that the suitability of the method for
each sample (regardless of matrix) may be established.

o Analysis of duplicate matrix spiked samples to display the precision of
the method for the particular matrix and also to provide percent
recovery Information for defined TCL (HSL) compounds (specmed
matrix spikes) as for surrogates.

o Analysis of reagent blanks for each Case or each set of 20 samples
(whichever Is less) and for each matrix within a Case, to assure that
laboratory contaminants are not reflected in data results.

It Is the responsibility of the contractor laboratory to document, in each
data package submitted, that both Initial and ongoing instrument and
analytical QC criteria have been met. The Jaboratory must demonstrate
that instrument tuning and calibration criteria have been met, that
interferences from the analytical system are under control, and that
surrogate spike, matrix spike and matrix spike duplicate recoverles falling
outside contract acceptance windows are attributable to sample matrix
Interferences and not to laboratory analytical errors. Any samples
analyzed when contract QC criterila have not been met must be re-
analyzed by the laboratory if sufficient sample volume Is available.
22
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Inorganic Routine Analytical Seryices (RAS)

1. Sample Matrices, Concentration Levels Vo!umes Required and
Preservation Techniques D _

The inorganic RAS contract methods apply to analysis of water and

soil/sediment samples. Samples for analysls should be single-phase, homo-

geneous samples of an appropriate matrix. Sample matrices other than
water, sediment or soll are processed through the SAS program.

Inorganic RAS contract methods determine concentrations of inorganic
priority pollutant constituents ranging from low or background levels of
concentration to medium levé!s, where a compound may comprise up to 15
percent of the total sample. Low level samples are generally those
collected off-site, around the perimeters of a waste site, or In areas wnere
hazards are thougﬂt't‘o be significantly reduced by normal environmental
processes. Low level samples are estimated to contain less than 10 ppm of
the Inorgani: priority pollutant (PP) contaminants. Medium level samples
are most often those collected on-site, in areas of moderate dilution by
normal environmental processek. Medium level samples are estimated to
contain concentrations of Inorganic PP contaminants up to 15 peréem.
Low and medium level designations are made for sample collection volume
and shipment purposes, and for determination of appropriate analytical
methods and QA/QC requirements. Samples estimated to contain
concentrations of any PP contaminant higher than 15 percent of the sample
must be sent through ngh Concentration SAS for sample preparation and

anafysis.

The sample volume, contalner types. and preservations required for inor-
- ganle ana!ysis vary accordmg to the matrix and estimated concentration

level of the sarnple. ‘For RAS Inorganic analysls of a water sample
estimated as low level, 1 liter volume Is required for metals analysis and 1
liter volume Is required for cyanide analysis. These samples should each be
collected In a 1-liter polyethylene bottle. For RAS Inorganic analysis of a
water sample estimated as medium level, 16 ounce volume Is required for
metals and 16 ounce volume for cyanide. These samples should each be
a0 -
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; i:ollected in a 16-ounce glass jar. For RAS inorganic analysis of a soil

sample estimated as low or medium level, 6 ounce sample volume is
required for both metals and cyanide analyses. These samples should each
be collected in an 8-ounce glass jar.

For the Inorganics RAS program only, it Is recommended that a Case of
samples be collected over no more than a three-day period and samples
shipped collectively when the Case Is completed.

The standa’d procedure applied by the analytical laboratory for
homogenization is to shake the sample In its original sample container and
transfer 100 mL aliquots to a 250 mL beaker. For aqueous samples with
high solids content, the user has the option to specify that the sample not
be mixed and the analysis be performed on the supernatant. When
collecting low level water samples, different preservation techniques apply
to the metals and cyanide portions, as follows. For "total® metals analyses,
the sample is acidified to pH < 2 with HNO3, (Total meaning Inclusion of
part.culate and dissolved fractions.) For dissolved metals analyses, the
sample is filtered, then acidified to pH £ 2 with HNO3. Note of caution:
if the sample contains a significant particulate fraction, acidification
without filtration could result In deceptively high metal values for the
water sample. Varying amounts of particulate matter can also give large
differences In metal values for duplicate acldified water samples.

For the cyinide allquot, the following guidelines should be followed:

o Test a drop of sample with pcfassium jfodlde-starch test paper (KI-
starch paper); a blue color indicates the presence of oxidizing agents
and the need for treatment. Add ascorbic acld, a few crystals at a
time, until a drop of sample produces no color on the indicator paper.
Then add an additional 0.6g of ascorbic acid for each liter of sample
volume, .

o  Test a drop of sample on lead acetate paper previously moistened
with acetic acld buffer solution. Darkening of the paper indicates
the presence of s, ns*is present, add powdered cadmium
carbonate until a drop of the treated solution does not darken the
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lead acetate test paper and the filter the solution before raising the
pH for stablilization. .

° Preserve samples with 2 m! of 10 N sodium hydroxide per liter of
- sample (pH > 12),

o  Store the samples such that their temperature is maintalned at 4°C
until the time of analysis.

No chemical preservation is required for medium level water samples or
low or medium soll samples.

For soil samples the standard procedure applied by the analytical
laboratory for homogenization Is to thoroughly mix the contents of the
sample container. For solid samples with significant amounts of water, the
user has the option to specify that the supernatant be decanted and the
remaining sample be mixed thoroughly and analyzed. |

Each sample estimated as medium level (water or soil) must be enclosed
and sealed in a metal paint can for shipment. If it is not certain whether a
sample should be categorized as low or medium concentration, volume
should be collected and the sample preserved as specified for low level
samples, however shipping procedures must be followed as designated for
medium level samples. For water samples, one field blank should be
supplied for each Case. Soil blanks are currently not available. It is
recommended that the user not submit soil field blanks for analysis. If the
user submits a rinsate blank with a case of soil samples, it will be treated
as a separate aqueous matrix sample with full QC and accordingly, a
sufficient volume for analysis should be provided to the laboratory., When a
suitable soil blank materia! becomes avallable through EMSL, one soil blank
will be supplied for each Case. No additional volume is required for
duplicate analyses of either water or soll samples.

The user may specify that the duplicate and matrix spike be performed on
a particular sample. If sufficlent sample volume is not provided, analysis -
- of all required parameters and/or complete QA/QC determination may not
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> be possible. If this occurs, SMO will contact the RSCC to determine

appropriate adjustments in analysis.

Required sample volume and container types for lnorgahlc RAS analysis of

water and soil samples are illustrated In Appendix C. Pre-cleaned sample

bottles are available through the Sample Bottle Repositories, as detailed in
Chapter IV.

Constituents Identified and Quantified

The inorganic RAS program provides Identification and quantification of
metals and cyanide in water and soil/sediment samples. These compounds
are listed on the inorganic data reporting form included in Appendix B.

Contract Deliverable Requirements

The inorganic RAS program specifies contractually-required deliverables
for completion cf metals and cyanide analysls and submission of the final
data package within 30 or 35 days (as specified by the contract delivery
schedule) following sample receipt at the laboratory. Laboratories are
subject to financial penalties for late delivery and incentives for early
delivery of the final data package. Illegible data reports are considered
unacceptable and the Jaboratory is required to resubmit readable versions
of any illegible pages.

The Inorganic RAS data package provides a complete set of data for
independent review by the client user. Through review of data package
components, the client can determine the quality of the analytical data.

Each inorganic RAS data package Includes the following components:

o Cover page, listing the samples Included in the report and narrative
comments describing problems encountered In analysis.

o  Tabulated results of Inorganic compounds Identified and quantified,
reported In ug/l or mg/kg; Including a brief description of the sample.
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° Individual analytical results are flagged by the laboratory when QC
indicates potentlal bias due to matrix effects, homogeneity, etc.

o QC results fors preparation blanks, calibration blanks, calibration

verification standards, matrix splkes, duplicates, laboratory control
samples, Interference check samples, analytical spikes and serial
dilution analyses.

o Tabulation of Instrument detection limits' determined in pure water
solutions.

\] Digestion/distillation lbgs, sample trauié reports, and raw data
system printouts Identifying calibration standards, calibration blanks,
preparation blanks, samples and any atypical dilution, duplicates,
spikes, Interference checks and any Instrument adjustments or
apparent anomalies on the measurement record.

A summary of RAS inorganic contract deliverables and copies of data

reporting forms are contained in Appendix B.

Analytical Protocols

The standardized Inorganic analytical methods are based on Federal
Register (FR) methods, EPA Methods for Chemical Analysis of Water and
Wastes (MCAWW), and Test Methods for Evaluating Solid Waste (SW-84€),
for the analysis of water and soll samples. Analysis for specified metals
and cyanide Is performed by flame, furnace and cold vapor atomic

- absorption (AA), colorimetric, distlllatlon, and inductively coupled argon

)
SN L
S ND
. ; ~J'

plasma (ICP) methods. '
8. Water Method =

Water samples for metals analysis are prepared, acid digested and the
digestate filtered to remove Insoluble materials prior to analysis.
Samples are analyzed by AA or ICP methods, and dilutions are
performed where any analyte concentration exceeds the calibrated
range.
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For water samples, a quantitative determination for cyanide is made
by midi-distillation and colorimetric analysis or by titration.
Mercury is quantitated in water samples by the cold vapor technique.

Soil/Sediment Method

Soil samples for metals analysis are prepared and acid digested and
the digestate {iltered to remove Insoluble materials prior to analysis.
Samples are analyzed by AA or ICP methods, and dilutions are
performed where any analyte concentration exceeds the calibrated
range.

For soil QAmp!es. a quantitative determination for cyanide is made by
midi-distillation and automated colorimetric analysis. Mercury is
quantitated in soil/sediment samples by the cold vapor technique. -

Contract Required Detection Limits (CRDLs)

Exhibit C of the Statement of Work of inorganics IFB contracts
contains minimum contract-required detection levels (CRDLs) that
must be met by all laboratories for each of the metals and cyanide in
pure water. On a quarterly basls, the contract laboratories are
required to verify that thelr instrument detection limits (IDL) meet
the CRDL's.

The Instrument detection limits reported by the laboratory on the
Inorganic data sheets (see Appendix B Form 1) are based on analysis
of analytes In pure water. Detection limits for the sample analyses
may be higher, depending on the sample matrix.

Detection limits for low level water samples can be achieved in the
part-per-billion (ppb) to low part-per-million (ppm) range; detection
limits for medium water and soll samples can be achieved in the low-
ppm to mid-ppm range. Detectlon limits are significantly affected
by matrix Interferences and other sample parameters that vary
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- . - considerably depending on the nature and homogeneity of the sample,

- Interferent contaminants that coextract from the sample, and by the
analytical method. Lowest detection limits are achieved on low level
water samples in the ppb range, where sample matrix Interferences
are minimal.

Extrapolations from the "pure water" IDLs must be made to estimate
the detection limits for low and medium water and soll samples, since
the detection levels achievable for these samples will be highly
dependent on the Inorganic specles and matrix of each sample.
Although data Is reported down to the "pure water" IDL, results
below the CRDL should be used with caution. Results below the
CRDL are bracketed by the laboratory to indicate a value near the
instrument detection limit. ‘

5. Contract Quality Control Requirements

-The CLP quality contro! (QC) program for inorganic RAS laboratory
analysis is structured to provide consistent results of known and docu-
mented quality. The program, therefore, places stringent quality control
requirements on all laboratories performing sample analysis. Sample data
packages contain documentation of a series of QC operations that allow an
experienced chemist to determine the quality of the data and its applic-

- ability to each Investigation. In addition, laboratory contracts contain
provisions for sample re-analysis If and when specified QC criteria are not
met by the contract laboratory. Each CLP Jaboratory Is also encouraged to
develop additional Internal QA/QC procedures.

The minimum QC requirements of the Inorganic RAS program consist of
both an ‘Initlal and ongolng demonstration of laboratory capability to
generate acceptable performance with the contract methods in the analysis
of water and soll samples. CLP contracts define extensive QA procedures
that must be performed and documented, and criteria that must be met.
These include, but are not limited to, the following:

° Initial calibration and calibration verlfication (ICV).
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Continuing calibration verification (CCV).
ICP interference check sample (ICS) analysis.
ICP serial dilution analysis.

Preparation blank (PB) analysls.

Spiked sample analysis.

Duplicate sample analysis.

Furnace AA QC analysis.

Laboratory control sample (LCS) analysis.

The Instrument QC operations include Initial and continuing calibration
checks, which are performed daily and/or every 10 samples. These checks
determine that the analytical system Is meeting contract-required criteria.

Analytical QC operations include:

)

ICP Interference Check Sample Analyses: Performed at least twice per
eight-hour shift, to verily interelement and background correction
factors.

Preparation Blank Analyses: Performed for each batch of samples or for
each set of 20 samples, to ascertain whether sample concentrations
reflect contamination.

Spiked Sample Analyses and Duplicate Sample Analyses: Performed for
each concentration and matrix within a Case of samples or for each set
of 20 samples of a similar matrix within a Case, to provide information
concerning sample homogeneity, analytical precision and accuracy, the
effect of the sample matrix on the analytical methodology, and to
enable the Agency to evaluate the Jong-term precision of the method.

Serial Dilution Analyses: Performed for each group of samples of a
similar matrix type and concentration for each Case of samples, or for
each 20 samples received (whichever Is more frequent) to ascertain
whether significant chemical or physical interferences exist due to
sample matrix,

30



:o Furnace AA QC Analysis: Required for quantitation; Incorporates
duplicate Injections and analytical spikes In order to évaljuate the
precision and accuracy of the individual analytica! determinations on
each sample.

o Laboratory Control Samples (LCS): Standards carried through sample
preparation and analysis procedures to document the performance of
the entire analytical process. The results for analysis of LCS are
submitted with the data package. Laboratories on & quarterly basis
verify their Instrument detection limits, ICP linear ranges, ICP
Interelement correction factors and ICP integration times.

It Is the responsibility of the contractor laboratory to document, in each
data package submitted, that both Initla! and ongoing Instrument and
analytical QC requirements have been met. Any samples analyzed when
contract QC requirements have not been met are re-analyzed by the
laboratory.
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APPENDIX C - CONTRACT REQUIRED DETECTION LIMITS




Target Compound List (TCL) and
Contract Required Quantitation Limits (CRQL)*

Quantitation Limitg%*

Water Low Soil/Sediment®
Volatiles CAS Number ug/L ug/Kg
1. Chlorozmethane 74-87-3 10 10
2. Bromomethane 764-83-9 10 10
3. Vinyl Chloride 75-01=4 10 10
4. Chloroethane ~ 75-00-3 10 .10
5. Methylene Chloride . 75-09-2 5 5
6. Acetone 67-64~-] 10 10
7. Carbon Disulfide 75-15-0 S S
8. 1,1-Dichloroethene 75-35-4 S 5
9. 1,1-Dichloroethane 75-35-3 S S
10. 1,2-Dichloroethene (total) S$40-59-~0 S S
11. Chloroform 67-66-3 S 5
12. 1,2-Dichloroethane 107-06-2 S S ~
13. 2-Butanone 78-93-3 10 10
14. 1,1,1-Trichlorcethane 71=55-6 S 5
15. Carbon Tetrachloride 56-23-5 S 5
16. Vinyl Acetate 108-05-4 10 10
17. Bromodichloromethane 15=27=4 S 5
18. 1,1,2,2~-Tetrachloroethane 79-34-5 5 5
19. 1,2-Dichloropropane 78-87=-5 5 S
20. cis-1,3-Dichloropropene 10061-01-5 S 5,
21. Trichlorocethene 79-01-6 S S
22. Dibromochloromethane 124-48-] S S
23. 1,1,2-Trichloroethane 79-00~5 5 S
24, Benzene 71=43-2 S S
25. trans-],3-Dichloropropene 10061-02-6 S S
26. Bromoform _ 75-25-2 5 5
27. 2-Hexanone 591-78-6 10 10
28, 4-Methyl=2-penteanone 108-10-1 10 10
29. Tetrachloroethene 127-18-4 S 3
30. Toluene 108-88-3 S L]
(continued)
- C=1 10/86
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Target Compound List (TCL) and

- " Contract Required Quantitation Limits (CRQL)*

Quantitation Limitett

Water Low Sofl/Sediment®

Semivolatiles CAS KRumber ug/L ug/Kg
35. Phenol - : 108-95-2 10 330
36. big(2-Chloroethyl) ether 111=44=4 10 330
37. 2-Chlorophenol 95-57-8 10 330
38. 1,3-Dichlorobenzene S541-73-1 10 330
39. 1,4~Dichlorobenzene 106-46~7 10 330
40. Benzyl Alcohol 100-51-6 10 330
41. 1,2-Dichlorobenzene 95-50-1 10 330
42, 2-Methylphenol 95-48-7 10 330
43. bis(2-Chlorecisopropyl)

- ether 39638-32-9 10 -330
44, 4-Methylphenol 106-44~5 10 330
45. N-Nitroso~Dipropylamine 621-64~7 10 330
46. Hexachloroethane 67-72-1 10 330
47. Nitrobenzene 98-95-3 10 330
48, Isophorone 78-59~1 10 330
49, 2~-Nitrophenol 88-75-5 10 330
50. 2,4-Dimethylphenocl 105-67-9 10 330
Sl. Benzofc Acid 65-85-0 50 1600
$2. bis(2-Chloroethoxy)

methane 111-91=-1 10 330
53 2,4-Dichlorophenci 120-83-2 10 330
S4. 1,2,4-Trichlorobenzene 120-82-1 10 330
$5. Naphthalene 91-20-3 10 330
56, 4-Chloroaniline 106-47-8 10 330
57. Hexachlorobutadiene 87-68-3 10 330
58, 4-Chloro-3-methylphenol

(para-chloro-meta-cresol) 59-50-7 10 330
59. 2-Methylnaphthalene 91-57-6 10 330
60. Hexachlorocyclopentadiene 17=47-4 10 330
61. 2,4,6-Trichlorophencl 88-06-2 10 330
62. 2,4,5~Trichlorophenol 95-95-4 S0 1600
63. 2-Chloronaphthalene 91-58-7 10 330
64. 2-Nitrocaniline 88-74-4 50 1600
(continued)
c-2 10/86



st WD $ 0 O MAMTRER 0 akakcy 020 AR 000 came.

7
e
! ‘?_‘90,;"4(
Quantitation Limits%t
- F T : Water Low Soil/Sediment®
Semivolatiles __CAS Number ug/L ug/Kg
9S. Benzo(k)fluoranthene - 207-08-9 10 330
96. Benzo(a)pyrene 50-32-8 10 330
97. Indeno(l,2,3-cd)pyrene 193-39-5 10 330
98, Dibenz(a,h)anthracene 53-70-3 10 330
99. Benzo(g,h,i)perylene 191-26f2 10 330

bMedium Soil/Sediment Contract Required Quantitation Limits (CRQL) for Semi-
Volatile TCL Compounds are 60 times the individual Low Sofl/Sedi{ment CRQL.

®Specific quantitation limite are highly matrix dependent. The quantitation
limits listed herein are provided for guidance and may not always be achievable.

®%Quantitation limits listed for soil/sediment are based on wet weight. The
quantitation limits calculated by the laboratory for soil/sediment, calculated
on dry weight basis as required by the contract, will be higher.
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Scale factor $0. 10
Offset ¢, Q0
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Q. 000 - 0. 47
0.0035335 0. 56
Q, QOEE - 0.18
0. Q0093 Q.47
0.0133 0, 28
0.0166 0. 44
Q. 0200 0., 50
0. 0233 0. 58
Q. Q266 0. 66
Q. 0300 0.71
0, 0333 0.79
0. 0500 1.04
0. 0666 1.&3
0. 0833 1. 42
Q. 10G0 1.59
O. 1166 1.72
0, 1333 1. 86
0. 1500 1.97
0, 1666 .10
0.1833 2. 26
Ve 2000 2. 38
0.2166 c. 48
Q0.2333 2.59
0.2500 2. 72
Q. 2666 €. 84
0, 2833 2.97
0. 3000 3. 10
0. 3166 3. 22
0.3333 3. 35
0. 4167 3.95
0. S000 4, 49
0, 5853 5. 01
Q. 6667 5. 50
0, 7500 $. 96
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1.0833 7.54
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7« QOO0 7.13
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10, 0000 3.73
12. 0000 3.13
14, QOO0 2.78
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18, Q000 Ce 3
20, 0000 .15
2. 0000 2. 00
£4. 0000 1.89
26. 0000 1.77
8. 0000 1.686
30, 000G 1.56
32. QOO0 1.47
34. 0000 1. 39
36. Q000 1.32
38. 0000 l1.24%
40, 0000 1. 20
42, 0000 1.13
44, Q000 1.07
46. 0000 1.01
48. 0000 0. 96
50. 0000 0.91
S52. 0000 0.87
S4. 0000 0.82
6. 0000 0.77
58. 0000 J.72
£0. 0000 0. 68
62. V000 Q. 64
S4. 0000 0, 860
€6. QOQ0 0,33
£3. 0000 0.53
70. 0000 0.50
72. 0000 Q. 47
74, Q000 Q. 44
76. Q000 Q. 41
78. 0000 Q, 39
80. 0000 0. 36
az. 0oy c 0. 34
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INPUT 1 Level

Refererice
Ecale factor
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Q. 00
S0.10
0. 00

Steok O 05711 09142

Q. QQQQ
0. 0033
0, 0066
0. 0099
0.0133
0. 0166
Q. 0200
0. 0233
0, 0266
0. 0300
Q. 0333
0. 0500
0. 0666
0. 0833
Q. 1000 -
¢. 1166
0, 1333
0. 1500
0, 1666
0. 1833
Q, 2000
0.2166
00,2333
Q. 2500
0. 2666
0, 2833
Q. 3000
0.31€6
Q0. 3333
0.41€67
Q. 5000
0, 5833
0, 6667
0. 7900
., 8333
0.9167
1. QOQO
1.0833
1. LE67
2. 2500

C. 30
0. 28
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B8. QO0Q
€. SO00
7. QOO0
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8. 0000
8. 3000
3. Q000
9. 5000
10,0000
1&. Q000
14. 0000
16. 0000
18. 0000
0. QOO0
2. QUOO
24. 0000
26. Q000
£8. 0000
30, 0000
32. 0000
34, 0000
36. Q000
38. 0000
40, 0000
4e. 0000
44, 0000
4. 0000
48, 0000
$50. 0000
S52. 0000
S54. 0000
5. 0000
S58. 0000
60, 0000
6. 0000
&4. 0000
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e
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Q.
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Q. 44
0. 435
Q. 42
0. 44
Q. 44
0. 47
Qe 47
0. 350
Q. 49
0, 32
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0.595
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0. 36
0.55
0.55
.60
0.358
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0.58
0.61
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33, Q000
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28. QOO0
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1240, VOO
150, 000
160, 000
170,000
180, 000
190, QOO0
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0. E6
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0. 69
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Scale factor SO. 10
Offset Q. QO

Steo# 1 05/11 12:52

Elapsea Time Value
Q4 QOO0 0.68
0. 0033 0.71
0. OUES 0.69
0. 0099 0. 61
0. 0Ll33 0.61
0.01E6 Q. 56
0, 0200 Q. 36
0. 0233 Q.55
Q, Q266 0.53
. 0300 0.5z
0. 0333 Q, S50
0. 0S00 O, 49
0, Q666 Q. 49
0. 0833 Q. 47
0, 1000 0. 47
0. 1166 0. 45
0. 1333 0. 45
0.1300 0. 44
0. 1666 0. 44
0.1833 Q. 42
0, 2000 0. 42
0. 2166 0. 42
0.2333 0. 4}
0. 2500 0. 41
0, 2666 0. 41
0.2833 0. 41
0. 3000 0. 39
0. 3166 0.39
0, 3333 0. 39
Q. 4187 0,36
0, 5000 0. 34
0. 35833 0.33
0. 6667 0, 31
0.7300 A 0. 31
00,8333 0. 30
0.9167 0. 30
1. 0000 0. 30
1.0833 0.8
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3o QOO
3. 5000
4, QO00
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5. 0000
S 95000
6. 0000

" 6. 5000

7. 0000
7. S000
8. 0000
8. 5000
3. 0000
8. 5000
10, 0000
12, Q000
14. 0000
16. 0000
18. 0000
20. 0000
2. 0000
4. 0000
6. 0000
8. 0000
30. 0000
32. 0000
364, 0000
36. Q000
38. 0000
40, 0000
4g. 0000
44, 0000
46. Q000
48, 0000
S50, 0000
S2. 0000
S4. 0000
&5E. 0000
S8. 0000
£0, Q000
&<. 0000
&4. D000

END
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0. 26
Q. 25
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0. 23
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0. 22
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0.15
0. 14
0.14
0.12

0.1

0.11
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0. 03
0. 07
Q. 07
0. 06
0. 06
0. 04
Q.03
0.03
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0. 00
0. 00
0. 01
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0.03
0. 04
0. 06
0. 04
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0. 07
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0. 07
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0. 07
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0. 07
0. 07
€. 07
Q. 07
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